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DEVICE  FOR  ADJUSTING  THE  GAIN  FACTOR  OP  AUTOMATIC  CONTROL  SYSTEMS 
B.  V.  Novoselov,  A.  V.  Biryukov,  V.  M.  Vinnichenko 

This  invention  is  in  the  field  of  automatic  control  system  tech¬ 
nology,  and  it  can  be  used  to  create  automatic  tuners  for  automatic 
control  systems,  and,  with  certain  modifications,  self-tuning  systems. 

We  know  of  devices  for  adjusting  the  gain  factor  of  SAR  (auto¬ 
matic  control  system)  which  contain  a  servomotor  with  a  reducer,  a 
shaper  and  a  circuit  for  isolating  the  phase  of  the  error  signal 
connected  to  one  of  the  inputs  of  the  device. 

The  proposed  device  is  different,  because  it  Includes  a  circuit 
for  isolating  the  phase  of  the  reference  signal,  a  test  signal  sensor 
connected  to  its  input,  and  two  relays  whose  vilndlngs  are  connected 
to  the  outputs  of  the  circuits  for  Isolating  the  phase  of  the  reference 
signal  and  the  error  signal,  respectively.  Their  outputs  are  connected 
to  the  shaper,  which  is  connected  to  the  servomotor. 

The  test  signal  sensor  is  equipped  with  a  rotating  transformer 
which  is  connected  to  the  motor  through  a  reducer.  Here  the  rotor 
winding  of  the  rotating  transformer  is  connected  to  the  input  of  the 
device,  while  one  of  its  ends  is  also  connected  to  the  output  of 
the  sensor. 


The  shaper  contains  a  polarized  relay,  two  resistors,  two  capa¬ 
citors,  and  a  power  source.  The  positive  terminal  of  this  power 
source  is  connected  to  one  capacitor  through  a  resistor  and  the  nor¬ 
mally  open  contacts  of  the  error  signal  relay  and  the  reference  signal 
relay,  while  it  is  connected  to  the  other  relay’  through  a  resistor  and 
the  normally  closed  contacts  of  the  same  relays.  The  second  outputs 
of  the  capacitors  are  connected  to  a  common  bus.  The  winding  of  the 
polarized  relay  is  connected  in  parallel  to  one  capacitor  through 
the  normally  open  contacts  of  the  reference  signal  relay,  while  it  is 
connected  in  parallel  to  the  other  capacitor  through  the  normally 
closed  contacts  of  this  same  relay.  In  this  case,  the  contact  of  the 
polarized  relay  is  connected  in  the  supply  circuit  of  the  servomotor. 


The  proposed  device  is  Intended  for  the  automatic  adjustment  of 
the  gain  factor  of  systems  according  to  their  phase-frequency  charac¬ 
teristic  withthe  rest  of  their  coefficients  adjusted  in  a  particular 
mani^er,  assuming  that  the  gain  factor  of  the  control  system  primarily 
determines  its  resonance  frequency  or  "hardness".  The  value  of  the 
phase-frequency  characteristic  at  the  resonance  frequency  is  constant 
and  equal  to  90®.  Tuning  is  carried  out  according  to  the  deviation 
of  the  actual  value  of  the  phase-frequency  characteristic  at  the 
resonance  frequency  from  90°. 


Figure  1  shows  a  block  diagram  of  an  automatic  control  system 
with  the  proposed  device  for  adjusting  the  gain  factor  of  the  SAR,  and 
Pig.  2  -  a  schematic  diagram  of  the  shaper  with  the  servomotor. 


The  motor  1,  which  is  kinematically  connected  to  the  slide  of 
potentiometer  2  through  reducer  3,  is  fed  on  the  control  winding 
through  contact  4  from  source  Contact  4  belongs  to  polarized  relay 

5,  which  leads  into  shaper  6.  Shaper  6  operates  at  signals  from 
the  two  identical  phase  isolation  circuits  7  and  8  by  means  of  relays 
9  and  10.  Phase  isolation  circuit  7  contains  electronic  amplifier  11, 
phase-sensltlvie  rectifier  12,  differentiating  circuit  13,  and  flip- 
flop  14,  whose  load  is  relay  9.  Circuit  8,  which  has  similar  compon* 
ents,  is  loaded  by  relay  10. 
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Test  signal  sensor  15  consists  of  rotating  transformer  16  and 
direct-current  motor  17  with  a  stabilized  rotation  rate,  which  are 
connected  by  reducer  18.  It  is  used  to  create  th^  reference  signal 
which  is  sent  to  phase  isolation  circuit  7,  and  the  test  signal 

which  is  sent  to  the  potentiometer  19 .  The  terminal  points  of 

the  latter  are  connected  to  the  input  of  the  system's  error  signal 
amplifier,  which  is  one  of  the  outputs  of  the  potentiometer  2,  and 
to  the  cathode  of  the  first  tube  20  of  the  amplifier.  The  second 
output  of  potentiometer  2  is  connected  to  a  common  point  of  the  eimpll 
fler  through  resistor  21.  The  output  of-  the  comparison  device  22 
of  the  tuned  system  is  connected  to  the  input  of  the  phase  isolation 
circuit  8. 

The  shaper  6  consists  of  two  resistors  23  and  24  (see  Fig.  2) 
and  two  capacitors  25  and  26,  which  are  switched  by  contact  27  cf 

electromagnetic  relay  10  and  contact  28  of  relay  9;  polarized  relay  5 

is  connected  to  the  capacitors  through  switching  contacts  29  and  30 
of  relay  9. 

The  system  operates  as  follows. 

In  its  original  position,  potentiometer  2  (Fig.  1)  is  completely 
out  and  the  control  system  has  the  minimum  gain  factor.  In  this  case, 
the  amplitude  of  the  test  signal  which  is  sent  to  the  input  of 
the  system's  amplifier  turns  out  to  be  much  lower  than  the  amplitude 
of  the  signal  which  is  passed  to  the  cathode  of  tube  20.  The  error 
signal  appears  at  the  output  of  the  system's  comparison  unit  22. 
The  error  signal  and  the  reference  signal  are  sent  to  the  Inputs 
of  phase  isolation  circuits  7  and  8;  passing  directly  through  elec¬ 
tronic  amplifiers  11,  phase-sensitive  rectifiers  12,  differentiating 
circuits  13  and  flip-flops  14,  they  act  on  relays  9  and  10  at  the 
time  when  they  pass  through  the  zero  position.  Thus,  relays  9  and  10 
operate  at  intervals  determined  by  the  value  of  the  phase  shift 
between  the  reference  signal  and  the  error  signal  of  the  system. 

During  the  supply  of  power  to  the  circuit,  when  the  motor  17  of 
sensor  15  has  still  not  been  turned  on  and  the  error  signal  U*  is 

4 


equal  to  zero,  one  of  the  capacitors  25  or  26  of  shaper  6  is  connected 
to  one  of  the  voltage  supply  sources  of  the  shaper  +U  or  -U  and 

^  3dp  3dp 

is  charged  to  the  voltage  determined  by  its  value  and  the  value  of 
resistors  23  or  2H.  For  example,  in  Pig.  2,  capacitor  26  is  connected 
to  source  through  resistor  23-  At  this  time,  the  second  capa¬ 

citor  of  the  shaper  (capacitor  26  in  Pig.  2)  is  connected  by  contacts 
29  and  30  to  the  winding  of  polarized  relay  5.  After  the  connection 
of  the  motor  17  of  the  test  signal  sensor,  when  relay  10  operates, 
its  contacts  27  switch  the  outputs  of  capacitor  26  to  the  power  source 
+U^^p  of  the  opposite  sign.  In  this  case,  the  capacitor  begins  to 
recharge . 

If  the  phase  shift  between  the  error  signal  of  the  system  t'e 
and  the  reference  signal  is  not  equal  to  the  optimum,  when  relay 
9  operates  (Fig.  1),  the  voltage  on  capacitor  26  U*  (Fig.  2)  is  not 
equal  to  zero.  At  this  time,  it  is  disconnected  from  the  power  sources 
(capacitor  25  is  connected  to  it)  by  contacts  28,  and  it  is  connected 
to  the  winding  of  polarized  relay  5  by  contacts  29  and  30  (in  this 
case,  capacitor  25  is  disconnected  from  the  winding).  Relay  5 
operates,  with  its  contact  4  connecting  the  motor  control  voltage 
to  one  of  the  control  windings  of  the  motor  1,  depending  on  the 
value  of  the  deviation  of  the  phase  shift  from  the  optimum  value.  The 
operating  time  of  the  motor  is  determined  by  the  value  U'  of  the 
charge  of  capacitor  26.  Motor  1,  which  is  kinematically  connected  to 
the  slide  of  potentiometer  2,  moves  it  to  the  required  position. 

The  system  operates  analogously  during  the  next  half-period. 

If  the  phase  shift  is  equal  to  the  optimum  value,  the  voltage  on 
capacitors  25  and  26  turns  out  to  be  equal  to  zero  during  the  opera¬ 
tion  of  relay  9,  and  there  is  no  signal  for  turning  on  motor  1,  i.e., 
in  this  case,  the  gain  factor  of  the  system  is  the  optimum. 

Subject  of  Invention 

1.  This  invention  is  a  device  for  adjusting  the  gain  factor  of 
automatic  control  systems  which  contains  a  servomotor  with  a  reducer, 
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a  shaper,  and  a  circuit  for  isolating  the  phase  of  the  error  signal 
connected  to  one  of  the  device's  Inputs.  It  is  different  because  in 
order  to  minimize  the  error,  it  contains  a  circuit  for  isolating  the 
phase  of  the  reference  signal,  the  test  signal  sensor  connected  to 
its  input,  and  two  relays,  whose  windings  are  connected  to  the  outputs 
of  the  circuits  for  isolating  the  phase  of  the  reference  signal  and 
the  error  signal,  respectively;  their  outputs  are  connected  to  the 
shaper,  which  is  connected  to  the  servomotor. 

2.  A  device  according  to  P.  1,  which  is  different  because  the 
test  signal  sensor  contains  a  rotating  transformer  which  is  connected 
to  a  motor  through  a  reducer;  in  this  case,  the  rotor  winding  of  the 
rotating  transformer  is  connected  to  the  input  of  the  device,  and  one 
of  its  ends  -  to  the  output  of  the  sensor. 

3.  A  device  according  to  P.  1,  which  is  different  because  the 
shaper  contains  a  polarized  relay,  two  resistors,  two  capacitors,  and 
a  power  source.  The  positive  terminal  of  this  power  source  is 
connected  to  one  capacitor  through  a  resistor  and  the  normally  open 
contacts  of  the  error  signal  relay  and  the  reference  signal  relay, 
and  through  a  resistor  and  the  normally  closed  contacts  of  these  same 
relays  -  to  the  other  capacitor.  The  second  outputs  of  the  capacitors 
are  connected  to  a  common  bus;  the  winding  of  the  polarized  relay  is 
connected  in  parallel  to  one  capacitor  through  the  normally  open 
contacts  of  the  reference  signal  relay,  while  it  is  connected  in  paral¬ 
lel  to  the  other  capacitor  through  the  normally  closed  contacts  of 
this  same  relay.  In  this  case,  the  contact  of  the  polarized  relay  is 
Included  in  the  supply  circuit  of  the  servomotor. 
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